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Summary The relation between total serum

cholesterol and cancer incidence and
mortality was studied in a cohort based on a probability
sample of the United States population. 5125 men (vielding
459 incident cancers and 258 cancer deaths) and 7363
women (398 cases, 186 deaths) were initially examined in
1971-75 and followed up for a median of 10 years. Men in
the lowest cholesterol quintile had nearly double the risk of
those in the highest quintile for both incidence and
mortality. Among women a similar relation was seen for
cancer mortality, but cancer incidence in the lowest quintile
was only 1-2 times that of women in the highest quintile.
The inverse cholesterol-cancer relation in men was present
for cholesterol determinations made 6 or more years before
diagnosis of cancer. It may be premature to dismiss the
inverse relation between serum cholesterol and cancer
simply as a preclinical marker of disease.

Introduction

SEVERAL cohort studies have shown an inverse relation
between serum cholesterol and all cancer,! ¢ whereas others
have demonsirated no such association.'’?5 The inverse
relation, noted in a few investigations to be confined to
cancers diagnosed in the first few years after cholesterol
measurement, has been attributed to a possible cholesterol-
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lowering action of preclinical cancer,*¥**4¢ Some studies,
however, have found that the inverse relation did rot
disappear for malignancies diagnosed two or even more
years after cholesterol determination.##9112 A positive
association between cholesterol and ¢ancer at one major site
has also been described.?

We report here the findings of a study of the relation
between serum cholesterol and all cancer in a unique cohort
based on a probability sample of “the United States
population.

Methods

The Cohort

The NHANES I Epidemiologic Followup Study (NHEFS) is a
cohort study based on the National Health and Nutrition
Examination Survey (NHANES I).# NHANES I was conducted
by the Natonal Center for Health Statistics from 1971 to 1975 0na
probability sample of the civilian non-institutionalised population
of the United States.”® Tracing and re-interview for the NHEFS
were done between 1981 and 1984. 14 407 adults aged 25-74 who
were examined in 1971-75 were eligible for inclusion in the
NHEFS. The mean ages at baseline were 52 for men and 48 for
women. 33% of the men and 27 % of the women were aged over 65
at entry into the study. 94% of the 5811 men and 92% of the 8596
women examined in NHANES I were successfully traced.

Identificarion of Cases

A cohort member was classified as a cancer case if there was any
diagnosis of cancer (International Classification of Diseases codes
140-208, excluding non-melanoma skin cancer, ICD code 173)ona
hospital record or death certificate. For cases identified through
hospital records, the date of first admission with cancer listed in the
discharge diagnosis was regarded as the incidence date. The date of
death was considered as the incidence date for those cases for which
only death certificate data were available. In the mortality analyses,
only cancer listed as the underlying cause of death was considered to
be a case.

Measurement of Cholesterol and Other Covariates

Cholesterol was determined from non-fasting baseline blood
specimens with a semi-automated modified ferric-sulphuric method
in the lipid laboratory of the Centers for Disedse Control.2>*
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‘TABLE I—PERCENTAGES OF SUBJECTS HAVING VARIOUS CANCER RISK FACT! ‘ORS WITHIN CHOLESTEROL QUINTILES*

Serum cholesterol quintiles (mg/100 ml) Serum cholesterol quintiles (mg; 100 ml)
Men <182 | 183-205 : 206-226 | 227-254 1 2255 Women <179 | 180-203 | 204-229 \ 230-261 | =262
Age 265yr 27 33 0 1 36 38 | Age 265yr 9 1 3 . 33 47
Education <12 yr i 49 49 47 49 48 Education <12 yr P42 39 41 43 44
PIR <1-69t 34 31 29 33 30 PIR <1-51% 35 33 33 0t 33 30
BMI 2274 28 30 M 37 40 BMI =27t 27 31 34 37 40
Smoking 27 pack-yrt 32 35 35 33 37 Smoking > 13 pack-yr 19 19 19 22 23
Alcohol 25 g/day§ 22 22 24 24 24 Alcohol 225 giday§ 13 15 14 15 15
Fat intake >41% kcal¥ 32 34 33 37 32 Fat intake >40% kcalt 31 34 35 36 36
Fibre intake <7-1 giday? 32 | 31 i 32 | 33 35 Fibre intake <56 g/dayt: 29 ‘ 3 1 33 33 36

BMI = body mass index. PIR = poverty index ratio.

*Percentages for all risk factors except age are age-adjusted by the direct method.™ PIR is based on household income adjusted: for family size and other
demographic characteristics; ratios of 1-0, <10, and > 1-0 indicate, respectively, “poverty level”, “below poverty”, and “above poverty”, The fibre variable

represents total dietary fibre.
+Lowest tertile. THighest tertile. §Highest tertile among drinkers.

Data on age, education, poverty index ratio, body mass index,
alcohol consumption, and diet were taken from the baseline
interview. The dietary data were derived from a 24 h recail
interview.** Smoking information was collected on only about
half the subjects in NHANES 1. For the rest, we inferred smoking
status at baseline from questionnaire data obtained at follow-up
from subjects or their next of kin.

Populations for Incidence and Mortality Analyses

686 men and 1233 women were excluded from the incidence
analyses. 351 eligible men and 675 eligible women could not be
traced. 309 men and 483 women were traced alive but did not havea
follow-up interview, either. because they refused or because they
could not be contacted. 20 men and 61 women were missing
baseline serim cholesterol information. 10 men and 25 women with

cancer of any site (except non-melanoma skin cancer) at baseline
were excluded. A small number of men and women fell into more
than one of these exclusion categories. Only those missing baseline
serum cholesterol andjor those with cancer were excluded from the
mortality analyses. )

5125 men and 7363 women were included in the incidence
analyses. 459 cancers were identified in men and 398 in women.
5791 men and 8535 women were included in the mortality analyses,
and these included 258 men and 186 women who died of cancer.
The median cohort follow-up time for all analyses was 10 years.

Analvtical Procedures

Crude- incidence (and mortality) rates for quintiles of serum
cholesterol were calculated by dividing the number of new (and
fatal} cancers occurring among subjects in that quintile by the total
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TABLE II-RELATIVE RISK ESTIMATES FOR ALL CANCER BY SERUM CHOLESTEROL LEVEL

Incidence  Mortality
Cholesterol (mg/100 ml) Cholesterol (mg{100 ml}

<182 183-205 206226 227-254 >255 <182 183-205 206-226 227-254 >255
Men: ¢
RR* 1-6 13 10 11 {1-0% 1-6 i 1-6 11 12 (1-0y
95% CI 1-2-2-1) {1-0-1-9) (0-7-1-3 {0-8-14 .. (1-0-2-3) (1-1-2-3) 0-7-1-7; Q-6-17) ..
Multivariate RRT 1-7 15 10 .12 (103 19 19 14 14 10
95% CI (1-2-2-6) (1-0-2-2} | (0:7-1'5) (0-8-1-8) .. i(10-34) {1-1-3-4} (0-8-2-53 0-8-2-5) ..

<179 180203 204-229 230-261 »>262 <179 180-203 | 204229 203-261 =262
Women.:
RR* 14 10 1-0 10 1-0) 2:6 1-0 15 12 (1-0)
95% CI (1-0-2-:0} 0-7-1-4) (0-7-1-3} 0-8-1-3) .. 1-6-4-1) 0641) (1:0-2:3) {0-8-1-9) ..
Multivariate RRt 1-2 10 -8 09 (1-0) 20 10 12 i 12 10
95% CI {0-8-1-9) {0-7-1'5) (0-6-1-2} (0-6-1.2) 'l .. {1-0-3-8) 0-5-2-1) (0 7-2:2) {0-7-2-0) ..

RR = relative risk. {1-0) indicates reference value,

*Age-adjusted in proportional hazards model that included variables for age and cholesterol.

tMeadel includes variables for age, educdtion, body mass index, smoking (pack-years), alcohol, dietary fat as a percentage of total calories, dietary fibre, and
chiolesterol. Because some subjects were missing information dn smoking (even when follow-up data were used) andjor djet, the number of cases in the
multivariate models for incidence and mortality were reduced, respectively, to 257 and 127.

$Model includes variables for age, education, body mass index, smoking (pack-years), alcohol, dietary fat as a percentage of total calories, dietary fibre, age 4t birth
of fit'st child, age at menarche, parity, and cholésterol. Because some subjects were missing information on smoking {even when follow-up data were used) and/or
diet, the number of cases i the multivariate models for incidence and mortality were reduced, respectively, to 268 and 107,

number of person-years contributed by the subjects within that quintiles of baseline cholesterol are shown in the figure. In
quintile. The number of person-years contributed by an individual men there was a consistent inverse relation. between
subject was calculated from baseline to the time of cancer diagnosis cholesterol and cancer rate for incidence and mortality. In
or death or the time of the follow-up interview, W.'hichevcr cdame women the inverse relation for mortality was stronger than
ﬁrst., Age~ad1u§ted rates were calculz}ted by the direct method.” that for incidence (both associations being determined
Cox’s prop "?“f’“?l hazards regression tedm.’que was: used largely by the elevated rate within the lowest cholesterol
analyse the simultaneous relation of serum cholesterol, age, and Y . .
other variables to cancer incidence and mortality in the cohort. 25 qgmtlle) Inverse associations were confined t? leukaemia
and cancers of the lung, bladder, and pancreas in both men

Results and worrien and to cancer of the cervix in women.

Age-adjusted and niultivariate relative risk estimates from

Mean total serum choléstérol (SD) was 221 (47) mg/100 proportional hazards regression models are shown in table
ml for men and 222 (50) mg/ 100 mi for women. For men, the 11. There was an inverse association between cholesterol and
ratio of observed cancer cases to expected cases (based on  cancer incidence in mien; the multivariate relative risk
age-specific, sex-specific, and race-specific incidence rates  estimates (and 95% confidence intervals) for the first to
from the Connecticur Tumor Registry) was 1-04 (95% fourth quintiles of cholesterol inclusive (in comparison with
confidence interval, 0-95-1-14). The observed/expected the highest quintile) were, respéctively, 17 (1-2-2+6), 1-5
ratio for women was 1-01 (0-91-1-11). (1:0-2:2), 1:0(0-7-1-5); and 1-2 (0-8-1-8). The trend test for
The relation of baseline total serum cholesterol to several incidence was significant” (y*=9-77, p=0-002). Similar
potential cancer tisk factors is shown ‘in table I. In men results were obtained when incident cases reported by death

baseline serum cholesterol varied directly with age, poverty ~ certificate only were eliminated and when mortality tvas
index ratio, body mass index, and cigaretie sinoking. Little  analysed. .

or no relation was observed between serum cholesterol and For inciderice in women there was a small non-sighificant
education or consumption of alcohol, fat (as a percentage of increase iti risk confined to the lowest quintile of choléstetrol
total calories), or fibre. Similar relations are seen in women, (table 1), The multivariate relative risk estithates for
except that women with higher levels of cholesterol incidence in women were 12 (0-8-1-9), 1-0 (0-7-1:5), 0-8
consumed more fat and less {ibre. (0-6-1-2),0:9 (0-6-1-2). The trend test for incidence was not
Age-adjusted cancer incidence and mortality rates by significant (=234, p=0-13). Negligible differences

TABLE III--RELATIVE RISK OF CANCER IN RELATION TO SERUM CHOLESTEROL. LEVEL, BY YEARS OF FOLLOW-UP

Relative risk (mer)* l Relative risk (worher*
— 0-19 yr {n=56)2-50 yr (n=134)| 6 +yr (n=168) — 0-19yr{n=58) | 250yr(n=125} | 6+ yr(n=153)
Serum cholesterol Servim cholesterol
imgi100mi) : o (mg{100mi :

< 182 0-8 (0:3-1.9) 1500025 | 221337 || <179 33(13-82) 06 0:3-1-3) 10 (0-6-1-8)
183-20% 1-3 (0626 1-0(0-6-1-7; 1-8(1-1-3-1 180-203 13 (0:4-38) ; 1-0{0-6--1-8) 0-8(05-14)
206-226 06(0:2-1-4) 0-9 (0-6~1-6) 17 (1:0-2:9) 204-229 28 (1:5-59) b 0B05-13) 07 04-1-2)
227-254 0-8 (0-4-1-7) 08(07-2:0) | 1-8(1'1-3(0) 230-261 19 (0-9-4-0) 06 (0:4-1-0) 1-0(07-1-5;
255 a0y .. o . Lae 262 | CEO N a, .. (10)

n=number of cases confirmed by hospital records.

*Age-adjusted RR {and 95% CI) derived from follow-up time-spiecific proportional hazards models that included variables for age and cholesterol. Estimates
were not materially altered in multivariate models that inclnded variables for age, serum cholesterol, education, body mass index, smoking {pack-years), alcohol,
dietary fat as.a percentage of total calories, dietary fibre, and, for wemen, age &t birth of first child, age at menarche, parity, and serum cholesterol.
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resulted from the climination of those incident cases
identified from death certificate only. The risk was elevated
for women in the lowest cholesterol quintile in the analysis of
mortality (RR =19, 1-0-3-4).

The relation of cholesterol to cancer incidence and
mortality was similar across subgroups of various cancer risk
factors, including age, education, body mass index,
smoking, alcohol consumption, and fat consumption. In
wommen the inverse cholesterol-cancer relation for both
incidence and mortality was observed only in those aged
under 50.

We examined the cholesterol-cancer relation for three
distinct follow-up periods—under 2, 2-5, and 6 or more
years from the time of cholesterol measurement to cancer
diagnosis (table 111). Only those incident cases confirmed by
hospital records were analysed, since the time of cancer
diagnosis was thought to be less reliable for cases identified
by death certificate only. Among men the inverse relation
was strongest for cases diagnosed 6 or more years after
serum cholesterol was measured. There was a statistically
significant excess risk only among women in the lowest
cholesterol quintile in whom cancer was diagnosed within 2
years of cholesterol determination.

Discussion

In this cohort study based on a probability sample of the
US population, an inverse relation was observed between
total serum cholesterol and cancer incidence and mortality
among men. A majority of earlier cohort studies have
reported similar findings,*1¢ although some have found no
association between cholesterol and cancer in men 17202225

In order to investigate the “preclinical cancer effect”
{(reverse causation) hypothesis, we analysed the relation
between cholesterol and cancer according to the interval
between cholesterol measurement and cancer diagnosis. We
found that the inverse relation between cholesterol and
cancer in men did not diminish with increasing time to
diagnosis and was, in fact, strongest for cancers diagnosed 6
or more years after cholesterol ‘determination. These
findings do not support the preclinical cancer effect
explanation for the inverse cholesterol-cancer relation in
men. However, our knowledge of the natural history of
cancer is insufficient to dismiss completely the possibility
that the carcinogenic process could affect cholesterol
metabolism many years before a tumour becornes clinically
apparent.

In the few previous studies of the relation between
cholesterol and cancer in women, no significant association
has been found,*1213151824.25 aithough trends towards both
an inverse®'215 and a direct'? relation have been observed.
Our data showed a non-significant inverse relation for
cancer incidénce among women in the lowest cholesterol
quintile. For mortality, a significant inverse association for
women was observed in the lowest quintile. These data
suggest an inverse relation in women that was largely limited
to more lethal cancers. We note that the site-specific cancers
among which inverse cholesterol-cancer relations were
found comprised a greater proportion of total cancers in men
than in women.

We thank Charles C. Brown {(Biometry Branch, Division of Cancer

Prevention and Control, National Cancer Instituie} for his advice on study
design and statistical mcthods.

The NHANES I Epidemiologic Followup Study has been developed and
funded by these agencies: National Institute on Aging; National Center for
Health Statistics; National Cancer Institute; National Heart, Lung, and
Blood Institute; National Institute of Arthritis, Diabetes, and Digestive and
Kidney Diseases; National Institute of Mental Health; National Institute of

301

Alcohol Abuse and Alcoholism; National Institute of Allergy and Infectious
Disease; and National Institute of Neurological and Communicative
Disorders and Stroke. The field work was conducted by Westat, Inc, under
contract no 23380-2049.

Correspondence should be addressed to A. 8., National Institutes of
Health, National Cancer Institute, Blair Building, Room 6A-01, Bethesda,
MID 208092, USA.

REFERENCES

1. Rose 3, Blackburn H, Keys A, et al. Colon cancer and blood cholesterol. Lancer 1974;
i 181-83.

2. Rose G, Shipley M]. Plusma lipids and mortality: A source of ervor. Lancet 1980; i:
523-26.

. Cambicn F, Ducimitiere P, Richard J. Total serum chilesterol and cancer mortality in
a middle-aged population. Am 7 Epidemiol 1989 1122 388 -94.

. Beaglehole R, Foulkes MA, Prior IAM, et al. Cholesterol and mortality in New
Zealand Maoris. Br Med J 1980;1: 285--87.

. Williams RR, Sorlie P, Feinleib M, et al, Cancer incidence by levels of cholesterol.
FAMA 1981; 245: 247-52.

. Kagan A, McGee DL, Yano K, et al. Serum cholesteral and meortality in a
Japanese-American population: The Honolule Hedrt Program. Am ¥ Epidermiol
1GR1; 114: 11-20.

. Stemmerman GN, Nomura AMY, Heitbrun LK, et al. Serum cholesterol and colon

cancer incidence in Hawaiian Japanese men. ¥ Nael Cancer Inst 1981; 67: 1179-82,
Garcia-Palmieri MR, Sorlie PD, Costas R, et al. An apparent inverse relationship
between serum cholesterol and cancer mortality in Puerté Rico. Am ¥ Epidesniol
1981; 114; 20-40.
Kark JD, Smith AH, Hames CG. The relationship of serum cholesterol to the
incidence of cancer in Evans County, Georgia, J Chron Dis 1980; 33: 311-22.

10. Kozarevic D}, McGee 1), Vojvodic N, et al. Seruri cholesterol and mortality: The
Yugoslavia Cardiovascular Disease Stady. Am F Epideniol 1981; 1142 21-28.

11. Peterson B, Trell E. Premature mortality in middle-aged men: Serum cholesterol as a
risk factor. Kiin Wschr 1983; 63: 795-801.

12. Sorlie PD, Feinleib M. The serum cholesterol-cancer relationship: An analysis of time
trends in the Framingham Study. ¥ Nar! Cancer Inst 1982; 69: 989-96.

13. Wallace RB, Rost C, Burmeister LF, ¢t al. Cancer incidence in humans: Relationship
to plasma lipids and relative weight. ¥ Naz! Cancer Inst 1982; 68: 915-18.

14. Intemnational Collaborative Group. Circulating cholesterol level and risk of death from
canicer in men aged 40 1o 69 years: Experience of an international collaborative
group. ¥ Am Med Assoc 1982; 248: 2853-59.

15. Morris DL, Borhani NQ, Fitzsimons E, et al. Serum cholesterol and cancer in the
Hypertension Detection and Follow-up Program. Cancer 1983; 522 1754-59.

16. Sherwin RW, Wentworth DN, Cutler JA, et al. Serum cholesterol levels and cancer
mortality in 361 662 men screened for the Multiple Risk Factor Intervention T'rial.
FAMA 1987; 257: 94348, .

17. Westhund K., Nicolaysen R. Ten-year mortality and morbidity related to sertm
cholesterol. Scand ¥ Clin Lak Invest 1972; 30 (suppl 1273 3-24.

18. Dyer AR, Stamiler ], Paul O, et al. Serurn cholesterol and risk of death from cancer and
other causes in three Chicago epidemiological studies, ¥ Chron Dis 1981; 34¢
249-60.

19. Yaari S, Goldbourt U, Evan-Zohar S, et al. Associations of serum high density
lipoprotein and total cholesterol with total, cardiovascular, and cancer mortality in a
7-year prospective study of 10 000 ment. Lancer 19815 i: 1011-14.

20. Thomas CB, Duszynski KR, Schaffer JW. Cholesterol levels in young adulthood and
subsequent cancer: A preliminary note. Folns Hopk Med ¥ 1982; 150: 89-94.

21. Hiatt RA, Friedman GI), Bawol RD, et al. Breast cancer and serum cholesterol. ¥ Natf
Cancer Inst 1982; 682 835-89.

. Salonen JT' Risk of cancer and death in relation to serum cholesterok A longitudinal
study in an Eastern Finnish population with high overalt cholesterol level. Am ¥
Epidemiol 1982; 1163 622-30.

23, Kevs A, Aravanis C, Blackburn H, et al. Serum cholesterol and cancer mortality in the

Seven Countries Study. Am §F Epidemiol 1985; 121: 870-83.

24. Wingard DL, Criqui MH, Holdbreok M], Barrett-Connor E. Plasma cholesterof and
cancer morbidity and mortality in an adult community. § Chron Dis 1984; 37:
401-06.

25. Hiatt RA, Fireman BH. Serum cholesterol and the incidence of cancer in a large
cohort. ¥ Chron Dis 1986; 39: 861-70,

26. Tornberg SA, Holm L-E, Carstensen JM, Eklund GA. Risks of cancer of the colon
and rectum in relation to serum chalesterol and beta-lipoprotein. N Eng! § Med
1986; 315: 1629-33.

. Madans. JH, Kleinman JC, Cox CS, et al. 10 years after NHANES I: Report of initial
follow-up, 1982-84. Pub! Hith Rep 1986; 101: 465-73.

28, National Center for Health Statistics. Plan and operation of the Health and Nutrition
Examination Survey. DHEW publication no (PHS) 799-1310. Vital and health
statistics, series 1, no 10a. Hyattsville, Marvland, 1965.

29. National Center for Health Statistics. Serum cholesterallevels by persons 4-74 years of
age by socioeconomic characteristics. DHEW publication ne (PHS) 80-1667. Vital
and health statistics, series 11, no 217. Hyausville, Maryland, 1980.

30. Eavenson D, Grier OT, Cision ]G, Witter RF. A seriautomated procedure for the
determination of serum cholesterol using the: Abell-Kendall method. ¥ Am Odf
Chem Soc 1966; 43: 652-56.

. National Center for Health Statistics Instruction Manual. Data collection. Part 15a.
HANES examination swaff procedures manual for the health and nutrition
examination survey, 1971-1973. Washington, DC: US Government Printing
Office, 722-554/89: 1972,

32. Watt BK, Merrill AL. Composition of foods—raw, processed, prepared. Agriculture

handbook 8. Washington, DC: US Deparinent of Agriculture, 1963,

33. Fleiss JL. Staristical methods for rates and proportions. New York: John Wiley and
Sons, 1981,

34. Cox DR, Dakes D. Analysis.of survival data, London: Chapman and Hall, 1984,

35. SAS Institute Inc. SUGI supplemental library user’s guide. Cary, North Carolina:
SAS Institute Inc, 1983,

[

S

W

i=a

~

»

©

N
[ 5]

1
3

3

j
§
:
|
:
i
¢
;




